Application of Nemacur in Gaza strip increased rapidly as a potential alternative to the widely used soil sterilizing agent methyl bromide. Nemacur application may contaminate soil, water and plant systems due to its high solubility in water. The objective of this study was to determine Nemacur residues soil, water, and cucumber samples collected from a field plots applied Nemacur at different field rates (0.0, 0.5 F, 1 F, 2 F) where F is the recommended field rate of Nemacur (4 kg/Hectare). Nemacur residues were determined by chemo-assay and bioassay techniques. Results revealed that considerable Nemacur concentrations were found in cucumber fruits and plant leaves. Nemacur residues were higher in water samples collected from sandy soil (7.2 µg/L) than from clay soil (3.4 µg/L). Furthermore, Nemacur residues in sandy soil (0.23 µg/kg) were lower than those in clay soil (1.3 µg/kg). In addition, Nemacur concentration in top soil layer in clay soil was lower than other layers. Nemacur residues in cucumber fruits grown in sandy soil were lower than those in cucumber fruits grown in clay soil. Nemacur residues in cucumber fruits collected from the market were below detection limit of HPLC technique. Chemo-assay techniques determined lower concentration of Nemacur than bioassay techniques. It can be concludes that considerable concentrations of Nemacur were found in all tested samples. Comparing with maximum residues limits (MRL S ). Nemacur concentrations in various environmental samples were less than the maximum residues limits.
Introduction
Fenamiphos (ethyl 4-methylthio-m-tolyl isopropylphosphoramidate) is an organo-phosphorus insecticides and nematicide used to control soil born insects and nematode (roundworm). It provides effective control of free living root-knot and cyst-forming nematodes. It is commercialized by Bayer Company under the name of Nemacur and is formulated as a granular product or an emulsifiable concentrate at 400 g active ingredient per liter [1] . There has been a public growing concern on Nemacur use in Gaza Strip due risks associated with its use.
So far, risk potential associated with pesticide uses emerged from the fact that pesticides are groups of chemical compounds have heterogeneous chemical structures with divers shapes. Pesticides are widely used to control pests that affect agricultural crops and pests in homes, yards and gardens. Potential risks associated with pesticides includes groundwater contamination [2] - [11] , risk to atmospheric contamination [12] [13] , food contamination [14] - [20] , soil contamination [21] [22] [23] [24] [25] health risks [26] - [31] risk to fish [32] [33] [34] [35] risk to cyanobacteria [36] [37] [38] . The above mentioned reports have a major focal point on herbicides since they are directly applied to the soil and being irrigated with water to be distributed in the top 15 cm of soil layer, the active layer for weed control. So far, few reports investigated risk potential of insecticides in Gaza soils, to the best of our knowledge only one report appeared recently [39] that evaluated the risk potential of Chlorpyrifos. For the case of Nemacur, no reports are available probably due to the fact that Nemacur use may be restricted in many countries. So far, large quantity of Nemacur was used in Gaza strip, Palestine [40] [41] and elsewhere [42] [43] [44] . Nemacur has high solubility in water 400 mg/L [45] . The high solubility of Nemacur in water enables fast distribution in soil, water and plant systems and creates hazards to these systems. Accordingly the authors of this study investigated the distribution of Nemacur in soil, water and plant systems field conditions and provide basic information useful for researchers around the world.
Materials and Methods
Study site. Gaza Strip is an important part of State of Palestine. It consists of five Governorates, the northern area, Gaza, the middle (Deir Al-Blah), Khan Yunis and Rafah Governorates. The Gaza Strip, as one of the most densely populated areas in the world (2638 people/km 2 ), has limited and declining resources and has already started to experience deterioration of environmental quality. Details on study site are shown recently El-Kourdi et al. [46] . Commercial formulation of Nemacur was purchased from a local certified pesticide seller. Its biological activity was tested in the laboratory to insure validity of the formulation. 
Experimental Design

Sample Collection
Cucumber Fruits and Plant Collection
Cucumber fruit and leaves were collected from each treatment. One kg of fruits and leaves were collected from each treatment. The samples were washed with distilled water, and mixed separately in homogenizer. Then 100 grams of sample, and 100 ml distilled water were added and mixed together in a homogenizer.
After 10 min mixing, the samples were centrifuged at 4000 rpm for 15 min using high speed centrifuge, model TGL-16G. The supernatants were collected and analyzed for Nemacur using HPLC (Agilent 1620 model) under specific condition [46] and bioassay techniques [47] .
Soil Sampling
Soil samples were collected from each pot using column techniques Figure 1 , [48] . In this technique the columns were smoothly inserted in each pot, using large spatula the soil sample was taken out. Then the sand in each column was subdivided to three depths 0 -5, 5.1 -10, and 10.1 -15 cm. Then each soil depth was collected separately, weighted and extracted with distilled water as previously reported [49] [50] . Then filtrate of the sample by filter papers, and then the sample were injected in the HPLC.
Water Collection
Through the irrigation process, special plastic pot was inserted in each plant seeding pot to collect the filtrate ( Figure 2 ). Through the growing season, the collected water the samples were analyzed according to previous method [51] .
Cucumber Fruits Samples from the Central Market in Deir Al-Balah
Six samples of cucumber fruits were collected randomly from the market. The samples were transferred to the laboratory and prepared as described above for analysis on HPLC. The picture below shows the samples collected from the market in the middle governorate (Deir Al-Balah).
Extraction and Purification Procedures
Soil water extract was performed by making soil suspension as 1.2.5 (v/v) shaking 24 h under continuous horizontal shaking [52] . Then water filtrates were collected using ash less filter paper. Then the filtrates were centrifuged at 10,000 g for 30 min at 5˚C. The supernatants were then collected and kept in the fridge at 5˚C until determination.
Fruit or plant extracts were collected by mixing 100 g fresh sample with 100 ml distilled water by bender and homogenizer for 10 min. Then the samples were centrifuged at 10,000 g for 30 min at 5˚C. The supernatants were collected and kept in the fridge for HPLC or bioassay determination.
Water filtrates were collected twice during the experimental period. The samples were centrifuged as mentioned above. The supernatants were collected and 
Determination or Nemacur Residues in Different Samples
Nemacur was extracted from fruits as previously described [17] [46] and converted into a standard substance, 10 mL of commercial Nemacur were suspended in 20 mL of water, and extracted with 3 * 20 mL of dichloromethane, organic layer was separated and dried with anhydrous sodium sulfate. Dichloromethane was evaporated under stream of nitrogen gas, and the residue was recrystallized using methanol\water system. The white solid was collected by filtration. The purity of Nemacur was tested using HPLC and GC-MS. And Methanol of HPLC grade, purity 99.9%, was purchased from Sigma Aldrich Co., Germany, was purchased from Gaza. 
Standard Curve of Nemacur and HPLC-Measurement
Bio Assay Technique and Residue Determination
The used Nemacur was biologically active as demonstrated recently [46] . The reason behind this test is to insure possible reaction between Nemacur and Acetylcholinesterase as shown below for bio-determination of Nemacur risk in different samples [47] . The bioassay technique based on the reaction of acetylcholine esterase and Nemacur as previously described by Elman et al. [53] In the blank test 100 µl distilled water was added instead of sample to get the relationship between enzyme activity and substrate as measured by the yellow color produced due to enzyme reaction. In case on enzyme inhibition, the yellow color is reduced or disappeared. This reflects the concentration of Nemacur in sample.
So far, the absorbance was then measured at 405 nm using 100 µl of the solution taken from each samples. Inhibition experiments were performed by incubating magnetic beads (1 µl) with 100 µl of different concentration of different samples during 10 min. according to the procedure described by Ell man et al,
The thiocholine reacts with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) yielding a yellow complex absorbing at 412 nm. The inhibition rate was calculated according to El-Nahhal et al. [35] using the following formula:
where ODc and ODt are the optical density of yellow color in the control and treatment samples respectively.
The intensity of yellow color indicates the free activity of AchE. Subtracting the free enzyme from the added are the gives bond enzyme. Application with standard curve gives the concentration of Nemacur in the samples. The bioassay data were calculated based on Equation (1).
Statistical Analysis
The experiment was arranged as randomized complete block design using two types of soil. Each concentration was repeated four times. Average and standard deviation was determined to each concentration. Difference between treatment was done using T-test. Values of Nemacur residues in tested samples were compared by Turkey's test at α = 0.05.
Results
Cucumber Fruits and Plant Collection
Growth of cucumber in the experiment is shown in Figure 2 , which clearly shows normal growth of cucumber plants and field conditions in greenhouse.
It is obvious that fruits are reaching normal size (15 -20 cm) according to the local standards
Chemo Assay Technique Water filtrate
Nemacur residues in water filtrate collected two times during the growth season are shown in Table 1 .
It is obvious that Nemacur residues are higher in water filtrate obtained from sandy soil than from clayey soil. Furthermore, the residues in the 2 nd filtrate are higher than the 1 st one. 
Soil
Nemacur residues in soil are shown in Table 2 . Generally, Nemacur residues are higher in the top soil layer than in deeper depths. Furthermore, the residues are higher in sandy soil than in clayey soil.
Concentration of Nemacur in clay soil has different behavior. It can be seem that the concentration is higher in layers 5 -10 cm in all applied rate. This trend is similar in all layers.
Bioassay Measurement of Nemacur Residues
Nemacur residues in soil samples measured by bioassay technique are shown in 
Nemacur Residues in Different Cucumber Fruits and Leaves
Nemacur residues in cucumber fruits and leaves are shown in Table 5 . It can be seen that Nemacur concentration in the 1 st harvest of fruit was lower than in the 2 nd harvest. Moreover, fruits from sandy soil have divers of Nemacur residues but in general the concentrations are not significantly different at p-value 0.05.
Furthermore, residues in plant leaves are higher in leaves from clay soil than leave from sandy soil. Significant differences between both leaves were found at p-value 0.05. Table 2 . Nemacur concentration in sandy and clay soils average and standard deviation (µg/kg soil) measured by chemo-assay. P-values for clay soil columns ranged between 0.06 -0.5 indicating no significant difference. However, the p-value of 0.06 is very low to the border of significant difference. 
Discussion
Applied rate of Nemacur in the range of 0.5 -2 F was chosen because mechanical application or manual application can add 2 folds of recommended rate under difficult field conditions during application. This is in agreement with previous reports [2] [46] [57] that used bioassay and chemo-assay to determine pesticide residues in soil and water samples. Moreover, the data in Figure 2 clearly show that cucumber grows normally under greenhouse house conditions and the highest applied rate (2 F) of Nemacur did not induce Phytotoxicity to cucumber plants or its fruits. This result agrees with previous reports [58] [59] that demonstrated no effects of insecticides to plants or cyanobacteria at the tested concentrations. Furthermore, determination of Nemacur in different homogenates agrees with chemo assay methods [41] and bioassay methods [47] [60]. Moreover, bioassay method indicates strong positive association between Nemacur concentration and reduced yellow color.
Chemo Assay Results
The data in Tables 1-4 clearly show the concentration of Nemacur in filtrate water at different collection times, and in different depth in sand and clay soils.
It can be seem that the concentration in sandy soil is lower than the concentra- In addition, Nemacur in soil and aquatic systems may form hydrogen bonding through van der Waals interactions or hydrophobic interactions with soil organic matter through phenyl rings [64] .
The adsorption interactions of pesticides in soil may involve either the mineral or organic components, or both. In soil that have higher organic matter levels (>5%) pesticide adsorption depend on organic matter contents (Spark, and Swift, 2009). Also micro-organisms play an important role in breaking down the pesticide in the soil surface.
So far, bioassay techniques have previously been used to determine concentration of herbicides in Gaza soils [65] . These techniques have wide application for pesticide residue determination [47] .
In addition, Nemacur concentration in filtrate water from sandy soil is higher than those from clay soil, because the sandy soil is high permeability more than clay soil, in accordance with previous reports [29] [43].
It can be seem that the concentration rate of Nemacur in sandy soil is lower than the concentration in clay soil. Furthermore, Nemacur residues in top layer (0 -5 cm) are lower than the concentration in deeper layers (5 -10), (10 -15 cm), in accord with Ref [39] . Moreover, it can be suggested that Nemacur may undergo degradation is soil consequently low concentration may be detected.
This suggestion is supported by many reports [55] - [62] . Nemacur residues were detected in cucumber fruit and plant leave grown in clay soils higher than plants grown in sandy soil. These results agree with chemo assay results and previous studies [41] who found low pesticides residues in fruit and vegetables collected in Arab countries.
Environmental Relevance of Pesticide Residues
It is well known in the literature that Nemacur is a strong acetylcholinesterase inhibitor, accordingly it's residues in cucumber fruits, water samples and or soil sample may cause of morbidity and mortality to local inhabitants .
So far, the environmental relevance of this work emerges from the fact that residues of Nemacur may reach the population and cause toxicity to them as revealed by previous investigations [66] [67] [68] .
Conclusion
The results revealed that Nemacur residues were higher in water samples collected 
